Abstract
Introduction
The 15-minute work break provides an opportunity to promote health, yet few studies have examined this part of the workday. We studied physical activity and sedentary behavior among office workers and compared the results of the Booster Break program with those of a second intervention and a control group to determine whether the Booster Break program improved physical and behavioral health outcomes.
Methods
We conducted a 3-arm, cluster-randomized controlled trial at 4 worksites in Texas from 2010 through 2013 to compare a groupbased, structured Booster Break program to an individual-based computer-prompt intervention and a usual-break control group; we analyzed physiologic, behavioral, and employee measures such as work social support, quality of life, and perceived stress. We also identified consistent and inconsistent attendees of the Booster Break sessions.
Introduction
The workplace presents opportunities for physical activity interventions, because a substantial percentage of US adults work in this setting, most of whom do not get the recommended levels of physical activity (1,2). Furthermore, sedentary workers have increased cardiovascular and metabolic risk and ultimately, premature mortality (3). Besides prolonged sitting during the workday, many employees eat unhealthy foods during the workday and have
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work-related stress (4). We theorized that promoting physical activity at work, particularly during work breaks, could be beneficial.
Despite their potential public health benefits to the workplace and despite workers' desire for physical activity, only a few worksite physical activity interventions have been evaluated (2). A thorough review of the literature on short bouts of physical activity integrated into organizational routines yielded limited results; there is an absence of worksite studies related to physical activity that incorporate a comprehensive set of variables such as self-report and objective measures of physical activity, physiologic indices, sedentary behavior, and psychosocial and organizational factors (2). Because of these limitations, the Booster Break program was proposed, developed, and implemented to test the effects of a comprehensive worksite physical activity intervention (4-8). Booster Breaks are "organized, routine work breaks intended to improve physical and psychological health, enhance job satisfaction, and sustain or increase work productivity" (4). The Booster Break program uses discretionary paid time during the workday to make changes at the individual, environmental, and organizational levels (4-8).
We compared behavioral and health outcomes of 2 interventions -a group-based Booster Break intervention and an individualbased computer-prompt intervention -to those of a usual-break control group. We hypothesized that compared with participants in the other 2 study arms, Booster Break participants would have significant improvements in 1) physiologic measures (ie, blood pressure, fasting lipid and triglyceride concentrations, and anthropometrics); 2) physical activity (increase) and sedentary behavior (decrease); and 3) employee measures such as work social support, quality of life, and perceived stress.
Methods

Study design
We conducted a 3-arm, cluster-randomized controlled trial at 4 worksites in Texas from 2010 through 2013 to evaluate the Booster Break program. Worksite departments were assigned to 1 of 3 groups by using computerized random-number generation with an equal number of departments at each worksite represented in each group. We selected departments and jobs in which employees sat for at least 5 hours per day. Inclusion criteria were English proficiency, full-time employment (35-40 hrs/wk), being aged 18 years or older, and having no physician-specified limits on physical activity.
Interventions lasted 6 months. Data were collected from 2010 through 2013; data entry and analyses were conducted from 2014 through 2015. Participants were paid $25 for completing both baseline and follow-up assessments and received their results (weight, height, blood pressure, and cholesterol) from a free worksite health screening.
This study was approved by the Committee for the Protection of Human Subjects at The University of Texas Health Science Center and was registered in the ISRCTN Registry (no. IS-RCTN2576399).
Interventions
Both physical activity interventions were consistent with the World Health Organization's Healthy Workplace Framework and Model, which strives to promote effective workplace interventions (9).
Booster Break arm. These structured, peer-led group sessions guided employees through a series of stretching, strengthening, and aerobic movements, followed by a 60-second meditation, described elsewhere (5). Daily worksite sessions lasted 13 to 15 minutes during one 15-minute break. Participants signed an attendance sheet. .com]) and provided training; prompts encouraged workers to get up and walk hallways, stairs, or outdoors. This intervention relies solely on each worker's motivation, attention, and willingness to stop work when prompted. Participants completed a daily log in which they indicated whether they ignored, partially met, or fully met the computer-prompted physical activity breaks.
Usual-break arm (control group). This group practiced usual breaks without interventions at any level. Typical patterns were two 15-minute breaks (morning and afternoon) and 30 to 60 minutes for lunch. Previous studies found that usual-break practices rarely include health-promoting behaviors (eg, consuming nutritious foods, practicing meditation, performing any physical activity) (4, 7, 8) .
Measures
A team from the wellness services department of a local hospital traveled to each participating worksite at baseline and 6 months to complete physiologic assessments. Height, weight, waist circum-ference, and blood pressure measurements and blood sampling followed standard protocols to ensure validity and reliability (10-15). Fasting blood sampling was performed in the morning before employees started the workday. Lipid assessments (total cholesterol, high-density and low-density lipoprotein cholesterol, and triglycerides) were conducted at a certified laboratory compliant with Clinical Laboratory Improvement Amendments (http:// wwwn.cdc.gov/clia/regulatory/default.aspx).
To assess objective levels of physical activity, we used step counts from New Lifestyles DigiWalker SW200 pedometers, which indicated movement, a measure of physical activity, following established protocols (16) (17) (18) . The pedometer's accuracy, reliability, and suitability for applied physical activity research are reported elsewhere (16-18). For one week at baseline and again at 6 months (program completion), each participant wore the pedometer each day -from rising in the morning until retiring at nightexcept when showering or bathing.
Physical activity was self-reported. We used the International Physical Activity Questionnaire long version (0.8 reported reliability and 0.3 criterion validity), which assesses moderate and vigorous physical activity in 5 domains, across which it has strong reliability and validity (19). It assesses time spent sitting -at work, at home, and during leisure time each day -as a measure of total sedentary time. We also used a scale that focuses exclusively on sedentary leisure time; it is a self-reported 7-day checklist, from the Neighborhood Quality of Life Study, that elicits data on the average daily number of minutes of leisure computer and Internet use, video games, telephone use, and television viewing. Its reliability and validity are reported elsewhere (20).
Employee and organizational constructs were work social support, quality of life, and perceived stress, which we assessed using the valid and reliable scales of Johnson et al (21) , Ware et al (22) , and Cohen and Williamson (23).
Statistical analyses
Descriptive statistics were computed to characterize the study population. We used χ 2 tests of independence to identify any categorical differences in sociodemographic variables between study conditions. Subsequent nonparametric Kruskall-Wallis testing detected any mean or median differences in the continuous outcomes of the study at baseline. Generalized mixed-effects models (SAS Institute, Inc) were used to estimate within-and between-group changes. Because of normality concerns, we specified log normal or Poisson distributions in our mixed-effects models. Fixed effects in these analyses consisted of time, condition, a time-by-condition interaction (ie, between-group changes), and study covariates (age, race/ethnicity, and education). Participants nested within study conditions were treated as a random effect. If the time-bycondition interaction was significant, it was sliced to determine the relevance of within-group mean changes. For simplicity, we report adjusted least-square means and standard errors. All data were analyzed using SAS version 9.3 software (SAS Institute, Inc), and significance was set a P ≤ .05 with a 2-sided test.
Posthoc analyses. Our primary analysis led to additional questions that could help enhance the interpretation of our study. The questions related to 1) whether study outcomes differed by race/ethnicity, 2) whether intervention participants had better outcomes than usual-break participants, and 3) whether outcomes differed by program fidelity. We explored whether African American or Hispanic participants in the Booster Break and computer-prompt groups were more or less likely than non-Hispanic white participants to have improvements in quality of life, employee and lifestyle variables, sedentary behavior, or cardiometabolic markers. Adjusted logistic regression models were then used to determine whether the 2 intervention arms were more or less likely to make positive changes in study outcomes than the usual-break arm. Furthermore, changes in outcomes by consistency of participation in the Booster Break intervention were assessed to account for program fidelity, dose, and adherence. Departments considered to have consistent participation for the Booster Break sessions were defined as those with 80% or more of participants attending each session, an acceptable threshold to expect physiologic changes (5).
Results
Participants (N = 185) were randomized by department (N = 35) to 1 of 3 treatment conditions: Booster Breaks (14 departments; 76 participants), computer prompts (9 departments, 61 participants), and usual breaks (12 departments, 48 participants) (Figure) . Ten participants did not have any self-reported data at a given assessment and were eliminated from further analyses. Therefore, only 175 participants were used in the analysis. Participants were racially and ethnically diverse (35% African American, 33% nonHispanic white, and 32% Hispanic) and had a mean age of 43 years; 82% were women, and 55% had a college degree or more ( Table 1 ). The occupations were clerical (25%), nonclerical (55%), and managerial (ie, managers, supervisors, directors, and superintendents) (9%); information was missing for 11%. We found no significant differences in distribution by type of position (nonclerical vs clerical). We found differences in marital status, work social support, and body mass index (BMI) (all P = .02) by intervention condition (Table 2) . Stages of the Booster Break study for intent-to-treat analyses (all participants); 100% of participants were analyzed using intent-to-treat.
PREVENTING CHRONIC DISEASE
Attrition (or drop out) was estimated at 42% overall and was not significantly different among the 3 arms. Attrition did not differ by sociodemographic, quality-of-life, behavioral, or cardiometabolic variables, with one exception: baseline mean systolic blood pressure was greater among those lost to follow-up (P = .02) ( Table 1) .
On average, African Americans had significantly higher BMIs (P = .003), higher systolic blood pressure (P <.001), higher diastolic blood pressure (P < .001), and larger waist circumference (P = .04) than other participants. Also, African Americans reported significantly more sedentary time on weekends (P = .045) and while using the computer (P = .03) and watching television (P = .004). Hispanic participants had higher serum triglyceride concentrations than other participants (P = .007); non-Hispanic whites reported significantly more leisure-time physical activity (P = .02) and work social support (P = .002) than other participants.
Changes over time by study condition: a priori hypotheses -intent-to-treat analysis No significant time-by-condition (baseline to change) interactions or main effects were observed among quality-of-life variables in any of the 3 study arms (Table 3 ). The time-by-condition interaction for waist circumference was significant (P = .05). We found a small increase in waist circumference among computer-prompt participants (P = .047) but no significant change among Booster Break (P = .29) or usual-break (P = .33) participants. Other anthropometric variables did not differ significantly. Significant time-bycondition interactions were observed for pedometer counts (P = .001) and metabolic-equivalent (MET) minutes of physical activity (P = .001). Weekly pedometer counts increased among usualbreak participants (P < .001) but decreased among computerprompt participants (P < .001) and Booster Break participants (P < .001). Similar results were observed for average daily pedometer counts. Leisure-time physical activity per week increased for usual-break (P < .001) and computer-prompt (P < .001) participants but decreased for Booster Break participants (P < .001). Significant time-by-condition interactions were observed for computer use (P = .001), television viewing (P = .001), and both weekday (Monday through Friday, P < .001) and weekend (Saturday through Sunday, P < .001) sedentary time. Computer use decreased for Booster Break participants (P < .001), decreased for usual-break participants (P = .04), and increased for computerprompt participants (P < .001). Television viewing time decreased among all study participants, with the greatest reductions in usualbreak (P < .001), compared with computer-prompt (P < .001) and Booster Break (P < .001) participants. Weekday sedentary behavior increased significantly for usual-break participants (P < .001) and Booster Break participants (P = .04) but not for computerprompt participants (P = .20). Weekend sedentary behavior decreased for computer-prompt and Booster Break participants (both P < .001) but did not change significantly for usual-break participants (P = .61). A significant time-by-condition interaction was observed for serum triglyceride concentrations, which increased among computer-prompt (P < .001) and Booster Break (P = .001) but not among usual-break (P = .61) participants.
Posthoc analyses
Logistic regression models adjusted for age and education indicated that African American and Hispanic participants were no more or less likely than non-Hispanic white participants to make improvements in study outcomes. Adjusted logistic regression models indicated that Booster Break participants were 6.8 and 4.3 times more likely to have decreases in BMI and weekend sedentary time, respectively, than usual-break participants.
Differences in outcomes by consistency of participation in the Booster Break intervention showed that overall, inconsistent attendees were less likely to be married (P = .006) and more likely to be African American (P < .001) or to report lower mean levels of work social support (P = .003) than consistent attendees. Additionally, inconsistent attendees had significantly greater serum concentrations of glucose (P < .001) and triglycerides (P = .009) and higher systolic and diastolic blood pressure (P < .001) than consistent attendees (Table 4) .
Changes over time by attendance status: intent-totreat analysis Consistent Booster Break participants had significant time-by-condition interactions for BMI (P = .049), weekly pedometer counts (P < .001), MET-minutes of physical activity (P < .001), com-PREVENTING CHRONIC DISEASE VOLUME 13, E155
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puter usage (P < .001), television viewing (P < .001), serum triglycerides (P = .02), and both weekday (P < .001) and weekend sedentary (P < .001) behavior (Table 5) . BMI increased significantly among the usual-break participants (P = .02) but did not significantly change among the remaining participants (computer prompts, P = .58; Booster Breaks, P = .49). Weekly pedometer counts increased among Booster Break (P < .001) and decreased among computer-prompt (P < .001) and usual-break (P < .001) participants. Weekly MET-minutes of physical activity increased among usual-break (P < .001) and computer-prompt (P < .001) but decreased among Booster Break (P < .001) participants. Computer use decreased among Booster Break (P < .001) participants, but increased among usual-break (P < .001) and computer-prompt (P < .001) participants. Television viewing time decreased significantly among all groups, with the greatest decrease among Booster Break (P < .001) participants. Weekday sedentary time increased among all participants (all P < .001), with the greatest increase observed among usual-break (P < .001) participants. Significant reductions in weekend sedentary time were observed among Booster Break (P < .001) and computer-prompt (P = .003) participants, whereas no changes were observed among usual-break (P = .07) participants. Lastly, serum triglyceride concentrations increased significantly among Booster Break (P < .001) and computer-prompt (P = .005) participants but did not change significantly for usual-break (P = .06) participants (Table 5) .
Inconsistent attendees had significant time-by-group interactions for physical health (P = .02); weekly pedometer counts (P < .001); MET-minutes of physical activity (P < .001), computer usage (P < .001), television viewing (P < .001), and weekday and weekend sedentary behavior (P < .001); and serum triglyceride concentrations (P = .001) ( Table 6 ). Physical health increased among usualbreak (P = .001) but not among computer-prompt (P = .71) or Booster Break (P = .93) participants. Weekly pedometer counts increased among usual-break (P < .001) but decreased among computer-prompt (P < .001) and Booster Break (P < .001) participants. Similarly, weekly MET-minutes of physical activity increased among usual-break (P < .001) and computer-prompt (P = .001) but decreased among Booster Break (P < .001) participants. Computer usage decreased among usual-break (P < .001) and Booster Break (P < .001) but increased among computer-prompt (P < .001) participants. Television viewing decreased among usual-break (P < .001) and computer-prompt (P < .001) participants, but no change was observed among Booster Break (P = .08) participants. Weekday sedentary behavior significantly decreased among Booster Break (P < .001) and computer-prompt (P < .001) but increased significantly among usual-break (P < .001) participants. Weekend sedentary behavior increased significantly among usualbreak (P = .02) and Booster Break (P < .001) but decreased among computer-prompt (P < .001) participants. Lastly, serum triglyceride concentrations decreased among usual-break (P = .008) participants, increased significantly among computer-prompt (P = .01) participants, and did not change significantly among Booster Break (P = .16) participants (Table 6) .
Discussion
This trial evaluated the effects of the Booster Break and computerprompt interventions among a racially and ethnically diverse population by using a complex and novel research design. The results varied and yielded no clear patterns for the a priori hypotheses analyses or for the posthoc analyses of inconsistent attendees of the Booster Break program. As a result of meeting the performance criteria of 80% attendance, the consistent attendees of the Booster Break program received a sufficient dose of the intervention to assess changes. Consistent attendees in the Booster Break study arm increased their weekly pedometer counts and decreased their sedentary behavior as well as maintained BMI status whereas the usual-break group significantly increased their BMI. In both intervention groups, triglyceride concentrations increased although remained within the normal range.
The Booster Break intervention is a simple, peer led, 15-minute group-based physical activity performed at work, in work attire, without equipment, and during standard breaks. Despite this convenience and simplicity, having all participants attend the sessions at a high, sustained level was challenging. It is noteworthy that consistent attendees reported having significantly greater work social support than inconsistent attendees reported. This finding may indicate unique and fundamental differences among the worksites related to readiness and receptivity for health promotion initiatives.
Because participants were predominantly female, selection bias and the generalizability of our findings to populations of men, other professions, and nonvolunteers are unknown and merit further research. Differences at baseline and between consistent and inconsistent attendees also merit further study because of the unknown effects of these differences and other undetected covariables. Another limitation is that particular results may be beyond covariate adjustment and influenced by the type of participant in the treatment groups or the treatment itself. For example, computer-prompt participants showed increased computer use, which could be an unintended consequence or a byproduct of the intervention itself.
Our novel and complex study design extends the literature, because it evaluated a multilevel (ie, individual, physical, social-environmental, and organizational) intervention, an important shift from previous single-focused interventions (2,9). This study has other strengths, including a randomized controlled design, a ra-PREVENTING CHRONIC DISEASE VOLUME 13, E155 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
NOVEMBER 2016
www.cdc.gov/pcd/issues/2016/16_0231.htm • Centers for Disease Control and Preventioncially and ethnically diverse study sample, objective measurements of physiologic outcomes, and a 6-month trial period. The racially and ethnically diverse study sample is important, because research predicts that the workforce will become increasingly diverse (24). Previous research has reported cultural and ethnic differences related to cardiovascular risk factors and other health indicators (25); we found racial and ethnic differences in baseline measures but no differences in study outcomes.
Previous research has documented that job strain, defined as the ratio of job demands to job control, is a risk factor for elevated blood pressure and is related to lower representation in surveys and research (26, 27) . Therefore, we recommend that future studies include measures of job strain and comprehensive assessments of psychosocial stressors so that employees experiencing high levels of job strain will be represented in study samples. Additionally, to better understand differences between consistent and inconsistent attendees, thorough analyses are recommended of management's commitment and support for active work breaks versus devaluing such breaks in favor of meeting work demands (7).
Workplace Booster Breaks may mitigate major barriers to physical activity, including lack of time, concerns about neighborhood safety, lack of social support, and costs of equipment, workout attire, and gym membership (28). The challenge is to implement workplace interventions with sufficient fidelity and dose. Management support and commitment are essential to provide incentives and to communicate to employees that sustained participation is critical and expected. If practiced routinely during the workday, Booster Breaks can achieve the twin goals of promoting physical activity and reducing sedentary behavior. Given this potential, further research to replicate, refine, and enhance the effects of the Booster Break program is warranted. 
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